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RECORDER OR DISPLAY DEVICE 
BIT SELECTION OUTPUT DATA 42b1 
-MEASURED DEPTH 

-CUMULATIVE UNCONFINED COMPRESSIVE STRENGTH (UCS) 

-CUMULATIVE EXCESS UCS 

-BIT SIZE 
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-START DEPTH 

-END DEPTH 

-HOLE SECTION BEGIN DEPTH 
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-FOOTAGE 

-STATISTICAL DRILLED FOOTAGE FOR THE BIT 

-RAW OF FOOTAGE DRILLED COMPARED TO STATISTICAL FOOTAGE 

-STATISTICAL BIT HOURS 

-ON BOTTOM HOURS 

-RATE OF PENETRATION (ROP) 

STATISTICAL BIT ROP 

-MECHANICAL DRILLING ENERGY (UCS INTEGRATED OVER DISTANCE 
DRILLED BY THE BIT) 
-WEIGHT ON BIT 
-RPM 

-STATISTICAL BIT RPM 

-CALCULATED TOTAL BIT REVOLUTIONS 

-TIME TO TRIP 

-CUMULATIVE EXCESS AS A RATIO TO THE CUMULATIVE UCS 
-BIT COST 

-HOLE SECTION NAME 



FIG.14B 



00 

I 
I 



39/51 



9 

I 

i 

i 




2 



8 



40/51 



Q. 

* 

V) 

o 

a 

>l 



"D 

LUI 

ill 



B 



© 
© 



iS 

CO 

Q 

c 

.g 

a 
_cd 

a 
co 

m 



CD 

» 

CO 



o 

< 



CD 
N 

CO 



_CD Q 

o tS 

X 0) 
CO 



o 

CD 

a> 

CM 



EBBQ 



o 
o 
o 

CM 



a 
CO 



CNJ 
CO 

CO 



CO 
00 
00 



o 
o 
o 

CNJ 
CM 



ID 

a 
E 
q3 



CM 



ZD" 
CO 

CD 
ID 



CO 
CO 
CO 



o 
o 
to 



£ 
eg 

CD 

E 

u 
(D 

•4— » 



CO 



a 

CM 

CO 
ID 
ID 



co 
o 



CO 
CO 

co 



o 
o 
o 

ID 



<D 



> 

CD 



O 
ID 
CM 

CM 



£5 

CD 



ID 



CD 
CO 



CD 



O 
ID 
CM 

CM 



0) 
TO 

CD 

E 

CD 



CD 



or 

oi 
co 
co 



o 
o 

ID 
CO 



<D 
CO 

E 

u 

<D 



U5 

o> 

CM 
CD 



TD" 
CO 

cm; 

CD 
CD 



o 
o 

ID 
CD 



CO 



CD 



O 
O 
ID 

CD 



O 

z» 

O 



CO 

O) 
CD 



CD 



□I 

CD 



o 
o 

ID 
CD 



c 
o 

'o 

■o 
o 



CD 
CO 
1^. 



O 

o 

ID 
CD 



c 
o 

t3 

■a 
p 



« 



CO 
CO 

Q 

Q_ 
C 



c 



03 

c 

0 
O 

CO 



O 



to 
0 

0 
a 
o 



3 °- 

0 



«3 



LU 



c 

o 

T5 
0 
0 

CO 



to 

CL 
C 

0 

E 

03 
CO 
0 



®®®@® 



« 



CD 

E 
o 
a> 

CD 

CD 

L. 

o 

_Q 

"53 



o 
a. 

O) 

c 

"to 

CD 

O 

oS to 
i2 § 
co 



0 



"O 

2 



0 
i_ 

O 
0 



0)| 

1 | 3 
I I 



c 

"to 

(0 0 

O O 



01 



®@®®$ 



* 



+ 



41/51 



0| 



o 
o 
o 
o 
o 



c 
o 

o 
CO 

o 



o 
O 



C/5 
(/) 
<D 
O 
X 
LU 



> 
LU 



Q_ 

a: 



CD 

o 



CL 
O 

a: 



CD 
O 

c 

03 
■♦— » 
CO 

b 



■o 
c 
LU 



E 



o 
o 



o 
o 

o 



o 
o 

iri 

00 



o 
o 



o 
in 

cd 

CO 



CNI 

CD 
CD 



CNJ 

CO 
CD 

CO 



o 
o 



CD 
CO 

o 

CO 



o 
o 

o 

CNJ 



o 
o 

o 



o 

CNJ 

o 

CO 



m 

in 
in 

CNJ 



CD 

CO 
CD 

m 



o | o 
o| o 

o I o 



m: ^ 
in I cd 

oil co 

CD| CNJ 

m: co 



o I o 

o i o 
: o 



o 
o 

iri 



o 
o 



^■1 o 
in I in 

CO I CNJ 



m 

a> 
o 
o 



CO 
CNI 

CO 
CNJ 

cd 

CNJ 



O • CO 
CN xj- 

m i co 
ini^ 



.4 



o 
o 

o 



in 
o 



o 
o 

o 
o 



o 
o 



o 
o 

o 

CO 



in 

CD 
CO 



o 
o 

CD 

a> 
co 



o 
o 

o 



cd 

CNJ 

CD 

CD 



o 
o 

o 
o 



o 
o 



o 

CD 

a> 

CNJ 



o 

co 

CD 
CO 



o 

a> 
co 
co 



o 
o 

o 



o 

00 
CD 



o 
o 

o 

CNJ 



O 
O 

iri 



o 
o 

in 

CO 



m 

CD 
O 
CD 



in 

CD 

^- 

CNl 
CD 



O 
O 

O 



CO 

CD 
CNJ 
CNJ 



O 
O 

o 



o 
o 

in 



o 
o 

iri 



o 
o 

o 



CNI 



O 
O 

O 



O 
O 

iri 



o 
o 

iri 



o 

co 

CD 
CO 



in 
oo 

CNJ 

CD 
CD 



CO 
CO 

in 
co 



oo 

CD 
CD 
CD 



O j o 

o I o 
o! o 



CNJ 

CD 
CD 



OjO 
Oi o 



Oi o 
OiO 

iri: iri 



Oi O 

Pj p 
iri j iri 



CD 
CO 



in i 

CO i CO 
i iri 
CDiCO 
CO i 1^. 



+ 



42/51 



CO 

K 
I 

lo 



CO 

csi 



IE 

to 



I 
I 

g 

lo 

fO 

I 

I 



.1 

lo 

s 



!CM 



o 
o 
in 

CD 



o 

ZD 

o 



CO 



CO 

o 

> 



CO 

o 



<N 
CO 

CO 



CM 



CD 

CO 
CD 



CO 



o 

CM 

CO 
m 

in 



CO 
CO 



in 



o 

CT> 
CO 
CO 



in 

CM 
CD 



o 
o 
o 

CO 



o 
o 
o 
in 



o 
o 
o 
o 



col s 
1 f 
o 
o 
o 
m 



o 
o 
o 

00 



« 



B 

E 
2 

CD 
CL 

O) 
c 



co 
■g 



CD 
C 



c 
o 

o 

Q> 
CD 
CO 

■ »— ' 

CO 



c 
g> 
co 
cd 
Q 

c 



CO 

o 
3 

CO 
u. 
"D 

X 



®@®<1 



« 



V) 

"5 

(/) 
CD 
01 



c 

CD 

E 

CO 

co x 

CD *C 

1 1 

CO CO 



CO 

Q 



jc 
O 



CO CO 

o o 



o 

CD 



a 

e6 



o 

00 



CD CD 

E E 



Q. 

E 
CD 

o o 

o o £ 8, 

CD CD F CO 

c c E c 
O O 3 o 
5 2 CO S 



®®ooooo 



X 
d- 

□ 



X 



43/51 




8 



+ 



44/51 





COMPUTER SYSTEM 






62b 


RECORDER OR 
DISPLAY DEVICE 




62a 

J 62b 1 


DRILLSTRING 

DESIGN 
OUTPUT DATA 


PROCESSOR 


A 




A 


V 




V 



INPUT DATA 



SYSTEM BUS 



MEMORY OR PROGRAM 
STORAGE DEVICE 



AUTOMATIC WELL 
PLANNING 
DRILLSTRING DESIGN 
SOFTWARE 



,64 
64a 



62c 



-62c1 



i_ 



FIG. 16 



J 



+ 



74 



62c 1 



45/51 



MANUAL INPUT 



64a 



INPUT 
DATA 



VALUES USED 
AS INPUT FOR 
THE ALGORITHMS 
AND LOGICAL 
EXPRESSIONS 



! DRILLSTRING DESIGN 1 
LOGICAL EXPRESSIONS 

RULE 1 
RULE 2 
RULE 3 



I 



' DRILLSTRING DESIGN ! 
ALGORITHMS 

ALGORITHM 1 
ALGORITHM 2 
ALGORITHM 3 




70. 



i 

1 



DRILLSTRING DESIGN 
CONSTANTS 

VALUES USED AS 
INPUT FOR THE 
ALGORITHMS AND 
LOGICAL 
EXPRESSIONS 



L 



72 



DRILLSTRING DESIGN 
CATALOGS 

LOOK UP VALUES 
USED AS INPUT 

FOR THE 
ALGORITHMS AND 
LOGICAL 
EXPRESSIONS 



AUTOMATIC WELL PLANNING 
DRILLSTRING DESIGN SOFTWARE 



DRILLSTRING 
DESIGN 
OUTPUT 
DATA 

VALUES 
COMPUTED BY 
THE ALGORITHMS 
AND RESULTING 
FROM THE 
LOGICAL 
EXPRESSIONS 



62b 1 



62c 1 



FIG.17 



+ 



46/51 



INPUT DATA 



76 



INPUT DATA 



X 



CONSTANTS 



64a 



I 



CATALOGS 



70 72 



7 



DRILLSTRING DESIGN LOGICAL EXPRESSIONS 

CHECK THAT ALL DRILLSTRING COMPONENTS 
WILL FIT INTO THE WELLBORE GEOMETRY 

ARE LWD OR MWD MEASUREMENT TOOLS 
NEEDED FOR THE HOLE BEING DRILLED 



,66 



.68 



DRILLSTRING DESIGN ALGORITHMS 
DETERMINE OUTER DIAMETER OF DC1, DC2, HW, AND DP 
DETERMINE MAXIMUM 'WEIGHT ON BIT IN HOLE SECTION 
DETERMINE WEIGHT OF DC1, DC2, AND HW 
DETERMINE LENGTH OF DC1, DC2, AND DP 
DETERMINE THE TENSILE RISK 

CALCULATE COST BASED ON DURATION OF DRILL IN SECTION 
CALCULATE THE KICK TOLERANCE 



DRILLSTRING DESIGN OUTPUT DATA 

A SUMMARY OF THE DRILLSTRING IN EACH HOLE SECTION 
-SIZE AND WEIGHT AND LENGTH OF EACH COMPONENT 
-WHAT TOOLS (LWD, MWD) WE HAVE IN THE DRILLSTRING 



FIG.18 



62b1 



I 
I 

_]_. 



47/51 



Q 

i 

i 
i 




O) 



8 



+ 



48/51 




6S 

i 



+ 



49/51 



x 

D 



to 

CO 
CD 

Q 

TO 

c 

CO 



o 



CM 

O 
Q 

Q 
O 



O 
Q 



O 
Q 

Q 



O 
Q 

Q 
O 



<dX 



TO 



to 



TO 



CM 



CNJ 



CM 



CD 



LO 
CO 



in 



to 

LO 

CO 



to 

CD 

to 
co 



CO 
CN 



CO 
CM 



o 

CD 

TO 

CM 

CO 



CM 
LO 

CM 
CM 



00 
CM 



00 
CM 



□ 

o 

LO 

to 



o 
o 

00 



CM 
CD 

CD 
CM 
00 



CO 

o 

CM 
LO 



O 
LO 

CO 



TO 
LO 

CM 



TO 
00 

TO 
CD 
CD 



CO 
CM 



CO 
CM 



00 

CO 
CM 



00 

CO 
CM 



LO 
CM 

cm 



LO 
CM 
CM 



LO 



E 

to 



TO 
LO 

CM 



LO 

TO 
^* 
CD 
CM 



E 

CM 
LO 



CD 

I 

CO 

^ 

o 
o 

CM 

CO 
CM 

CM 
O 
CO 

E 

<D 
JZ 

o 
CO 

2? 
o 

-Q 

"53 



CD 
CO 

o 
a 
o 



CO 

E 

CD 

o 
CO 



CD 

CO 
CO 

CM 

LO 

GO 
LO 
CO 



CD 

E 

CD 

o 
CO 

9> 
o 

Id 



o 

LO 

CO 



o 
o 

LO 



+ 



+ 



50/51 




O 

I 



+ 



51/51 




^\\\\\\\\\\^i^ : , , 



LO 

CM 
i 

O 
00 

cnT 

00 

o 

"co 
E 
d) 
.c 
o 
CO 

o 

_Q 



o 
oo 

S 
o 



CD <D 



CO 

oi 
m 
to 

CN 
i 

in 
in 

cnj 
oo 

CD 

o 
co ^ 

E in 
<D in 

co i 

g) CD 

o o 
a; o5 



/' 



o 
o 
o 



o 
o 
in 



o 
o 
o 

CM 



o 
o 
in 

CM 



